We examine the effect of academic institutional characteristics on research funding grant success for graduate students. This article draws upon the US National Science Foundation's Graduate Research Fellowship Program (GRFP). We match a set of graduate students to their graduate programs to examine whether higher education institutional factors mediate funding assignment to award or honorable mention. We find evidence that a series of leadership, peer, programmatic, and university characteristics are associated with grant funding outcomes. Notably, faculty research and peer quality are associated with award success, while the signal of being at a public institution decreases the likelihood of award receipt. Moreover, while we find that larger programs are more likely to have graduate students that receive awards, the larger, lower-ranked programs exhibit inefficiencies in scaling the activity. This implies that these programs may face coordination costs that are detrimental to the rate of graduate student success.
Introduction
US universities compete annually for over $63 billion in science and engineering (S&E) research and development (R&D).
1 As a result, considerable research has studied the broad implications of these investments on the research enterprise. The literature to date has focused primarily on research production among senior scholars, teams, and labs (e.g. Zucker and Darby (1996) ; Bozeman and Corley (2004) ; Azoulay et al. (2007) ; Bercovitz and Feldman (2008) ; Jones et al. (2008) ; Conti and Liu (2015) ; Lane et al. (2015) ). Recent efforts have expanded the focus to examine how funding schemes specifically affect high-risk/high-reward research, with attention to junior faculty (Heinze 2008) . However, less attention has focused on the research environment and funding schemes for graduate students.
In this article, we focus on the large, yet understudied group of S&E graduate students-referred to henceforth as emerging researchers. These individuals are at the beginning of their careers and receive formal and informal training from their graduate programs as they establish and build their research acumen. While emerging researchers often contribute to their graduate programs as research assistants, they are also expected to develop and pursue their own research agenda.
We examine the role of higher education institutions on emerging researcher success given the importance of the academic environment at this early stage. Initial institutional conditions are likely to have persistent 'imprinting' effects on future productivity (Stinchcombe 1965) . Not only does the academic setting provide the physical infrastructure for research production, graduate programs also serve as the foundational base for knowledge transfer through course offerings, apprenticeships with faculty, research seminars, and more informal networking opportunities (Bandura 1986; Bercovitz and Feldman 2008; Cetina 2009; Azoulay et al. 2011; Stephan 2012; Agarwal and Ohyama 2013) . Nonetheless, as emphasized by Lane and Bertuzzi (2011) , empirical studies within this academic context are limited (Lane and Bertuzzi 2011) . In response to a series of recent discussions in Nature lamenting our nascent understanding of S&E graduate programs (Callier and Polka 2015; Gould 2015; Woolston 2015 ; Nature 2015), we direct attention to the academic setting centered at this early career stage.
We focus on external grant funding receipt as an early stage milestone. In developing a research pipeline, funding attainment demarcates not only the initiation of a research line, but also signals professional promise for the principal investigator (PI) (Stinchcombe 1965) . Within the S&E fields, resource acquisition is a necessary precursor for research production that includes outputs like academic publications and patents. Moreover, the constant threat of the ever-diminishing public research funding 2 compounds this issue.
The US National Science Foundation's (NSF) Graduate Research Fellowship Program (GRFP) provides a rare opportunity for emerging researchers to obtain a substantial and prestigious research award. The grant is unique and relatively sizeable in value, providing the most meritorious students with three years of guaranteed funding to pursue their own research agenda with no service obligation to their graduate program. For this study, we draw upon a large sample of GRFP awardees and honorable mentions to identify a comparable set of S&E graduate programs. From this set, we assess what institutional characteristics (program-and university-level) 3 are associated with students obtaining external R&D funding. We focus on the institution at this early career stage as it offers legitimacy to emerging researchers who aim to alleviate uncertainty given the novelty of their research pipeline and their nascent research record (Stinchcombe 1965; Aldrich and Fiol 1994) . The economic and educational implications of this study are notable. The US National Science Board estimates that in 2013 approximately 615,000 individuals enrolled in US-based S&E graduate programs. 4 The economic impact of this population is not only defined by the sheer supply of graduate students, but also by the productive research endeavors they engage in (Conti and Liu 2015) .
From an educational standpoint, graduate programs not only house a substantial portion of the research enterprise, they train the next generation of researchers. This study offers a large-scale empirical assessment of the relationship between higher education institutional factors and emerging researcher outcomes. The article proceeds as follows: section two presents the institutional framework, highlighting the implications of higher education institutional features as mediators for emerging researcher R&D grant receipt. Section three presents the research design detailing the data, sample, and methods. Section four presents the results while section five provides a discussion and concluding remarks.
Mediators of R&D: institutional factors
As 'natural incubators', academic programs and their respective university enhance a relatively steady stream of researchers' activity with human and physical capital (Etzkowitz 2003) . Academic programs encourage research in part by giving autonomy to its personnel, allowing researchers to experiment and push research boundaries forward (Amar et al. 2009 ). Given the growing financial costs to conduct research, R&D resources play a central role in facilitating the research enterprise (Stephan 2012 ). Yet, little attention has been directed toward understanding the role of graduate programs on emerging researcher funding attainment.
Given the early-stage of an emerging researcher's career, the role of institutional factors may be more significant in the acquisition of research funding. For one, institutional characteristics may impact receipt of funding by offering a more attractive research environment to prospective high-quality students. Second, graduate programs may also provide students with a higher level of training or improved access to research support. Third, given the strength of professional networks across academic disciplines (Friedman and Friedman 1982; DiMaggio and Powell 1983) , the reputation of the graduate program can offer positive signals to the broader academic community. Moreover, the reputation of the institution likely alleviates uncertainty around the emerging researcher's abilities given both the student's early career stage and abbreviated nature of the basic science research proposal. Of note, this influence may stem from multiple levels within the higher education institution, spanning the academic program within which the emerging researcher is enrolled to the larger university. 5 Altogether, the academic institution can have direct impact not only on external resource acquisition, but also for later stage milestones as measured by academic publishing and professional placement. Below we review a series of factors across multiple levels of the higher education institution that may mediate funding acquisition through any of these mechanisms. These include leadership, peer, programmatic, and university characteristics. Faculty leadership is arguably most likely to impact the success of graduate students given the emphasis on apprenticeships within academia. Students observe the actions of their leaders and learn what activities are deemed legitimate (Bercovitz and Feldman 2008) . Through a process of social learning, students then emulate the behaviors considered most appropriate and even adopt value systems that resemble those of their mentors (Shamir et al. 1993) . Recent research has found evidence of this through co-authored publication trends between graduate students and their academic advisors (Pinheiro et al. 2014 ). In addition, faculty with high research and publication activity from the applicant's graduate program can create the potential for knowledge spillovers between faculty and students. Moreover, the reputation of the faculty may be prominent across the discipline and thus familiar to a reviewing panelist. The human capital gained from a productive faculty could impact the probability of award obtainment through any of these mechanisms.
Peer productivity can have similar effects. Bercovitz and Feldman (2008) find that peer groups act in tandem with leaders and serve as an important reference (Bercovitz and Feldman 2008) . In graduate training, students often look to the behaviors of other graduate students who share similar research interests or experiences as inspiration for how to approach problems and make decisions (Bandura 1986; Ellison and Fudenberg 1993; Duflo and Saez 2000; Sorensen 2002 ). Within an academic program, this means that actions taken by one student hold important spillover effects for their peers. For example, programs with a high volume of graduate research assistants may spur more productive research output than programs with a higher volume of graduate teaching assistants. A student's research experience may inspire other students to seek out similarly prestigious and beneficial research opportunities. This is important because, as recent empirical work suggests, collaboration-as opposed to isolated production-has become an increasingly important element in research output (e.g. Pinheiro et al. (2014) ; Aggarwal et al. (2015) ; Wuchty et al. (2007) ; Singh and Fleming (2010) ).
From another angle, diversity may spur knowledge spillovers; this has the ability to foster productivity, research agendas, and perspectives (Amin and Cohendet 2000; Autio et al. 2014) . Organizations can be diverse in a multitude of ways based on the composition of their personnel by spanning a multitude of technical skill sets, experience levels, normative ideologies, and general demographic characteristics. In the case of technical skill sets, if the program fosters interdisciplinary interaction (as opposed to only within-discipline interactions), students are likely to draw upon a broader set of skills and analytical perspectives for approaching a research problem (Lattuca 2001) . Critics to this argument, however, highlight that team diversity can also lead to higher coordination costs (Williams and O'Reilly 1998; Aggarwal et al. 2015) . Within an academic program, these costs could arise with interdisciplinary research agendas and even in instances when researchers from different backgrounds interact (Jacobs and Frickel 2009) .
Programmatic resources can also serve a critical role in connecting human and physical capital with one another. Recent research has noted the importance of comprehensive support mechanisms for graduate students as they pursue a variety of diverse career paths (Agarwal and Ohyama 2013) . Within the higher education literature, others have noted the significance of intradepartmental policies and practices in encouraging graduate student persistence and performance (Nerad and Cerny 1993; de Valero 2001) . The evidence suggests that regular evaluations of student progress and an emphasis on apprenticeship and collaboration leads to improved student outcomes.
Finally, we argue that the university may mediate the grant application outcome. While at a higher organizational level and more distant to the student than the graduate program, we argue that university ranking and the type of institutional control not only signal research quality, but also the relative capacity to provide resource support. In particular, a relatively nascent stream of literature has focused on the role of institutional control on research output finding private institutions to be more equipped to secure and support research than public universities (Aghion et al. 2010; Whalley and Hicks 2014) .
Research design
The premise of this analysis is to assess what programmatic and university characteristics are associated with receipt of a prestigious research award that is designated for emerging researchers. These organizational factors may impact award receipt through human and physical capital advantages by improving the training, offering research support, or providing a positive quality signal to proposal reviewers.
High-quality students are likely attracted to programs and universities that provide competitive research support. Thus, while there is an endogeneity concern that high-quality students select into high-quality programs and universities, we argue that institutional characteristics also mediate the funding process at this early career stage. To address the concern of endogeneity, we follow a line of literature that focuses around the funding cutoff (Arora and Gambardella 2005; Goldfarb 2008; Azoulay et al. 2011; Jacob and Lefgren 2011a,b) . Rather than sampling from the full population of graduate students programs, we alleviate baseline concerns of endogeneity by drawing upon emerging researcher grant proposal data that reports both awardees and honorable mentions. The latter are competitive applicants who are recommended by proposal reviewers, but who are just shy of receiving the funding. Without granular data on research quality metrics for the student-PIs, we recognize that student quality remains an empirical concern. As such, we do not purport to definitively identify a counterfactual; the interpretations of the results are thus associative.
Critical to this design is the fact that reviewing panelists distinguished both groups of applicants-awardees and honorable mentions-as having high merit and research potential. This designation defines the set of graduate programs and provides a baseline of student quality. Importantly, these programs not only contain emerging researchers who actively seek graduate research funding, but also received some form of formal recognition.
To strengthen the design, we use doctoral program rankings to further proxy for the innate student quality of the application.
Specifically, we match comparably ranked doctoral programs that only have graduate student honorable mentions to those with any award activity. Effectively, we aim to define similar subsamples of graduate programs with comparable prestige and quality to assess moderated effects of program rank.
This section proceeds as follows. First we present an overview of the data, sample, and empirical methods. Then in building upon the discussion directly above, we present a series of stratification techniques to strengthen the primary analysis. Finally, we discuss the functional forms of the variables and present the descriptive statistics.
Data
We use data from two separate databases: the NSF's GRFP grant database and the National Research Council's (NRC) data on US research doctorate programs.
GRFP proposal data
The GRFP has a demonstrated history of supporting promising S&E graduate students. Award recipients receive a generous three-year fellowship to conduct their own research. In 2015, NSF offered $138,000 for the full award-$34,000 as an annual student stipend and $12,000 as an annual educational allowance to the institution.
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The following features make this funding mechanism particularly salient to this analysis. First, the program is designed specifically to support emerging researchers; applicants are only eligible prior to starting a graduate program up through the fall of their second year of graduate school. Given this study's focus on graduate programs as an antecedent on funding receipt, we sample graduate students from the GRFP database who were currently enrolled in a graduate program at the time of GRFP recognition.
7 Second, as a signal of quality, both award recipients and honorable mentions are publicized, collectively representing the top 20 percent of all student applicants. Panels-composed of senior disciplinary and interdisciplinary scholars-review applications and make recommendations to NSF regarding who should receive the award. NSF then 'determines the successful applicants from these recommendations, with Fellowships and Honorable Mentions offered based on the GRFP portfolio within the context of NSF's mission'. 8 While awardees receive full funding, the acknowledgement of the honorable mention is revered as a signal of intellectual merit and research promise. While the single-blinded merit review component for this program mirrors other NSF proposal reviews, the GRFP application notably differs. Standard, collaborative, career, dissertation, workshop, and larger center NSF proposals are all approximately three times longer in length allowing for greater explication of research proposal. NSF has tailored the GRFP application requirements given the nature of the funding opportunity for emerging researchers.
To our knowledge, only a handful of studies have used the GRFP database (Chapman and McCauley 1993; Bartolone et al. 2014; Le and Bartolone 2015) . While this set of studies focuses primarily on programmatic outcomes of the award, we offer a more foundational analysis by focusing on how institutional factors mediate these outcomes.
The GRFP data is a time series dataset structured at the studentproposal level and includes institutional affiliation and field of study for the population of awardees and honorable mentions. For the analysis we compute aggregated annual, program-level counts, indexed by academic field, i, and university, n, of student awardees and honorable mentions, respectively.
NRC programmatic data
The NRC is a decennial survey assessment of the quality of US research doctoral programs (Ostriker et al. 2011) . The most recent survey , published in 2010, offers the most granular, 9 rigorous, and extensive assessment of graduate program quality containing detailed information on program characteristics for a representative sample of doctoral programs (Hicks 2009; Schmitt 2013) . This survey includes data on a series of program-level measures ranging from faculty publications, citations, grants, and diversity to characteristics of the graduate student population including average Graduate Record Examination (GRE) scores, type of financial support, and sociodemographic characteristics. The data also contain information on characteristics of the graduate program such as the number of PhD's granted over five years, median time to degree, student completion rate, and various types of graduate student support activities. Over 5,000 doctoral programs that span 62 academic fields from 212 universities were surveyed (see Chapter 3 and Appendix D of Ostriker et al. (2011) ).
Other studies that draw upon this data have placed precedence on program review to promote academic standards. Moreover, much of the scholastic attention has focused on discussions of higher education ranking methodology (e.g. Schmitt 2013; Brooks 2005; Dill 2006; Dill and Beerkens 2013) . Less attention, however, has been directed toward utilizing the data for higher education empirical analyses despite the richness of the data.
Taken together, we merge the GRFP and NRC databases based on a numeric university-field crosswalk. We refer to publicly available National Center for Education Statistics (NCES) Integrated Postsecondary Education Data System (IPEDS) data and the taxonomy of NRC's S&E fields to assign a unique university and field identification, respectively. We draw upon the individual's listed field and university from the GRFP database to identify the program, and then match to the NRC data for detailed graduate program characteristics. The level of analysis for this study is at the graduate program, indexed by the academic field, i, and university, n. The Appendix details the data building process.
Sample
The NRC programs with any GRFP award and/or honorable mention activity by students from 2005 to 2008 define the sample. We delimit the sample by graduate programs with at least one GRFP award or honorable mention to maintain a more representative set of observations. Given the S&E scope of the GRFP program, this includes NRC programs from 41 academic fields from four broad divisions of Engineering, Life Sciences, Math and Physical Sciences, and Social and Behavioral Sciences, as defined by the US National Academy's Board on Higher Education and Workforce.
The GRFP reports annual data on proposal activity while the NRC program-level data is a cross section. Although administered as a decennial survey, the NRC data reflect programmatic trends over several years. 
Methods
To examine the effect of institutional factors on funding receipt for emerging researchers, we estimate two empirical models at the program level of analysis.
Step 1: Any Award Success First, we examine the effect of a set of institutional factors on the difference between a program containing students that win honorable mentions exclusively and those that contain students who win at least one formal award (Equation (1)).
12 From the sample of programs with any GRFP activity, 38 percent (390 programs) have students who only obtain honorable mentions, with the remaining 62 percent (643) containing at least one student in receipt of a GRFP award.
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The binary outcome of interest is any GRFP award for students in the graduate program from 2005 to 2008, where one indicates that at least one award was received, and a zero indicates that only honorable mentions were received during this time period.
The set of higher education institutional factors are divided into four categories. The first, Leadership Quality and Composition, is measured with a vector of variables, b 1 ; to capture the graduate program's faculty-based characteristics. These include faculty publications and external grant activity to proxy for faculty quality, as well as measures of the share of female, interdisciplinary, and non-Asian Finally, we include a field fixed effect (k i ). This refers to the 41 S&E fields from the NRC study. Inclusion of academic field fixed effects controls for unobserved time-invariant variation across academic disciplines and therefore offers more conservative estimates of the models. This allows us to control for differences in academic culture, environment, and structure between fields, even within the same broad divisions (Gardner 2009 ). The complete list and frequency of fields are provided in Appendix Table A.1.
Step 2: Concentration of Awards We next use the same sample to assess how these characteristics impact the share of students in a graduate program that receive an award (Equation (2)). This continuous variable stands in contrast to the binary outcome presented in Step 1.
The continuous outcome variable accounts for the relative concentration of award activity. The variable represents the share of the average eligible cohort that receives the GRFP award contingent on the program having any GRFP activity. The numerator is the average annual award count and the denominator is the average first-year cohort size reported in the NRC multiplied by two. The cohort size is doubled due to the fact that students are eligible in their first and second year of graduate school. Because receipt of a GRFP is a relatively rare event, the average share of award activity is quite small at 2.1 percent with a range of 0 to 42 percent. Standing as an outlier, Oregon State University's Animal Science Program leads the funding activity with 42 percent of eligible graduate students receiving the GRFP award between 2005 and 2008.
We maintain the relative activity of this outcome measure, but normalize the distribution by standardizing the variable so that it has a mean of 0 and a standard deviation of 1, ½ðy in À yÞ=b r. Moreover, the variable is standardized within the corresponding academic division the program belongs too (refer to Appendix Table A .2) to account for variation across broad academic divisions. Thus, we are estimating how these factors impact the relative concentration of awards. The same set of vectors used in Step 1 are used in Step 2.
Stratification by program quality
In addition to estimating the primary models with the full sample, we estimate Equations (1) and (2) with stratified samples by program rank. We use the R ranking produced by the NRC-a regression-based ranking derived from a faculty survey of peer programs (Ostriker et al. 2011) . In doing so, we match programs of comparable rank to address the potential for confounding factors related to program quality that might attract higher quality students (Hegde 2005) . Moreover, what matters for top rank programs may be different from what matters for lower-ranked programs that will not be competing for the same group of students. This approach measures the moderated effect of program quality. We estimate two bins from the tercile rankings-rank 1 (high) and rank 2 and 3 (mid and low). We combined the lower two terciles given the small sample sizes.
Variable functional form
In each equation, four vectors of variables are included to estimate the role of institutional spillover factors on a program having students to obtain a GRFP award. Appendix Table A .3 details the variables in each vector. To ease interpretation and compare the relative influence of each variable, all continuous variables are standardized so they have a normal distribution with a mean of 0 and a standard deviation of 1, ½ðx in1 À x 1 Þ=b r 1 , where the slope coefficient is
This allows us to compare effects across the regressors to assess the probability of having an award (Step 1) or the relative concentration of awards (
Step 2) from a one standard deviation increase of each continuous variable.
As with the award concentration outcome variable (
Step 2), each variable is standardized with respect to the program's corresponding academic division to account for academic divisional differences.
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While programs within a university often adopt similar policies and norms, there is a stronger convergence among programs that are across universities within the same academic field (Friedman and Friedman 1982) . Programs in the same field residing at different higher education institutions compete across the discipline over students, faculty, funding, and publications to gain legitimacy and prestige. Table 2 presents the descriptive statistics of the GRFP performance outcome variables and covariates for both the full set of graduate programs and then subsequent stratified subsamples by program rank with notation on statistically significant differences. Of note, Table 2 reports the baseline statistics; however, we include the standardized measures in the set of regressions for comparative purposes when interpreting marginal effects.
Descriptive statistics
On average 62 percent of programs in the sample have any GRFP award activity with higher levels in rank 1 (71 percent) versus ranks 2 and 3 programs (50 percent), significant at the 1 percent level. Moreover, approximately 2 percent of eligible graduate students receive the prestigious GRFP award. Turning to the set of institutional factors, the average annual number of publications per faculty is 1.78 and 78 percent have research grants. We find higher levels of research output in the rank 1 graduate programs in contrast to ranks 2 and 3 programs (both statistically significant at the 1 percent level). As for faculty composition, roughly 20, 26, and 4 percent comprise female, interdisciplinary, and non-Asian minority faculty, respectively. For peer-related factors, the average GRE quantitative score is 727 (out of a possible 800) with the higher ranked programs exhibiting higher scores (significant at the 1 percent level). The distributions of minority graduate students are higher than the distributions of faculty; this follows in line with recent statistics that report greater diversity among earlier stage cohorts in higher education (Organization for Economic Cooperation and Development 2012).
For program features, the length of time to complete the degree for rank 1 programs is 5.73 years, which exceeds the ranks 2 and 3 programs by roughly four months (significant at the 1 percent level). As for program size, program rank is positively correlated with program size. Ranks 2 and 3 programs, on the other hand, exhibit a more standard distribution with a larger share of programs with middle-sized programs. As for region, over a quarter of the programs are located each in the Northeast and West. Finally, roughly two-thirds of the programs are within public universities, and the majority of programs are housed within high-ranked institutions according to the Barron's ranking. This distribution mirrors program rank as well with higher ranked programs located at higher ranked universities (significant at the 1 percent level).
To assess the comparability between the group of programs with only honorable mentions to those with at least one GRFP award, we also estimated the comparison of means between the two samples. We find that programs with at least one award have a higher level of average faculty publications and grants but a lower share of female Notes: Means or proportions for baseline measures are presented; standard deviations are in parentheses; stratification by program rank; Table A .3 details variable composition. Statistical significance based on t-tests by program rank. ***P < 0.01, **P < 0.05, *P < 0.1. faculty. Programs with at least one awardee have a higher average quantitative GRE score, are likely to be larger in size, and nested within highly ranked, private universities. It is worth noting that the differences for most variables are economically insignificant. This is reported in the Appendix, Table 4 .
Results
Results are presented below for each step-the logistic estimation of Equation (1) in Section 4.1 and the OLS estimation of Equation (2) in Section 4.2.
Step 1: Any award activity
We estimate Equation (1), a binary model of any GRFP award success on academic institutional characteristics. Table 3 presents the average marginal effects from the logistic regressions for the full sample in column 1 and the stratified samples by program rank (rank 1 in column 2 and ranks 2 and 3 in column 3). The results for the standardized continuous regressors are interpreted such that a one standard deviation increase is associated with a change in the probability of having at least one student in the program secure GRFP award recognition from 2005 to 2008. The binary regressors are interpreted as the differential effect in the probability of having any award success.
In the results for the full sample (column 1), the following regressors are statistically significant: standardized average number of publications per faculty; standardized percent of interdisciplinary faculty; standardized average GRE quantitative score; binary indicators for the number of student support programs, program size (Q3 and Q4, both with reference to Q1), and the binary indicator for public university. Normalized continuous regressors offer easier comparison of the marginal effects within each model.
Notably, increasing the average number of publications per faculty by one standard deviation is associated with a 7.2 percentage point increase in the probability of the program having any GRFP award activity. The marginal effects for a standard deviation increase for the share of interdisciplinary faculty and the average GRE score are associated with a 3.0 and 6.7 percentage point increase, respectively, in the probability of the program having any GRFP award activity. In other words, programs with greater levels of faculty publication activity, interdisciplinary faculty, and students with higher GRE scores are positively associated with GRFP award activity, holding constant the academic field of the program.
Turning to the set of binary regressors, the differential effect of having an above-field-average number of student support activities is associated with an 8.3 percentage point increase in having at least one student successfully obtain a GRFP award. In other words, programs with a higher proportion of student support activities such as travel funding, teacher training, or proposal support than the average program in their narrow academic field (e.g. economics) are more likely to have student applicants that achieve the GRFP award. Moreover, larger programs have a positive association compared with the smallest programs (Q1). Relative to Q1 programs (the reference group) Q4 programs have a 22.0 percentage point advantage in likelihood of GRFP award activity; additionally, Q3 programs also have a higher probability of award receipt, though the marginal effect is smaller at 9.6 percentage points. Notably, when it comes to university traits, we estimate a large negative effect for public universities. The differential effect of the doctoral program belonging to a public-in contrast to a private-university, is associated with a 14.8 percentage point decrease in the probability of having any GRFP award activity.
When stratified by program ranking, results vary across rank 1 (column 2) and ranks 2 and 3 (column 3). The same set of significant regressors are robust and larger (in absolute value) for the rank 1 sample compared with the full sample, indicating that highly ranked doctoral programs moderate the average effect. Additionally, all three size-related program dummies are positive and significant (again, results are in reference to Q1, the smallest program size). Standardized measures of average faculty publications and percent interdisciplinary faculty, along with binary measures of above-fieldaverage student support activities and public university, are only robust for top-ranked programs. These regressors are not significant for lower-ranked programs (ranks 2 and 3). For the sample of programs with lower ranks, the measure for students with academic plans is significant, where a one standard deviation increase is associated with a 4.6 percentage point increase in the probability of having at least one applicant receive a GRFP award.
Step 2 award concentration
Step 2 includes a standardized continuous outcome measure to account for the relative share of GRFP awards to eligible cohort size within a program. We interpret the coefficients for the set of standardized regressors as follows: if x 1 increases by one standard deviation, then the share of GRFP awards to eligible cohort changes by b standard deviations. The set of binary regressors are interpreted as follows: the differential effect of x 2 is associated with a b standard deviation change in the share of GRFP awards to eligible cohort. Table 4 presents the coefficients from the OLS regressions for the full sample in column 1 and the stratified sample by program rank (rank 1 in column 2 and ranks 2 and 3 in column 3).
For the full sample, the following regressors are statistically significant: standardized average number of publications per faculty, standardized average GRE quantitative score, program size (Q3 and Q4, both in reference to Q1), the binary indicator for public university, and dummy for high-ranked university (in reference to low). Increasing the average number of publications per faculty (average GRE quantitative score) by one standard deviation is associated with a 0.151 (0.159) standard deviation increase in GRFP award concentration. Moreover, the differential effect of high university rank in reference to low is associated with a 0.203 standard deviation increase in GRFP award concentration. Being a public university, meanwhile, as opposed to a private university is associated with a 0.186 standard deviation decrease in GRFP award concentration.
Finally, the results for program-size are negative, in contrast to our findings from Step 1. However, these results are not surprising to the extent that eligible cohort size (the denominator of the award concentration variable) is correlated with program size. As a program grows, the number of students eligible for the GRFP is likely to increase by more than the number of awarded students (the numerator), since award receipt remains a relatively rare event. The differential effect of the largest program size, Q4, (second largest program size, Q3) in reference to the smallest program size is associated with a 0.342 (0.393) standard deviation decrease in the GRFP award concentration.
In considering the set of results for the stratified samples (columns 2 and 3), the positive effects of faculty publication activity, GRE scores, a university high rank are moderated by highly ranked programs, while the negative results for the larger program sizes are moderated by the lower-ranked programs. The standardized measure for the percent of interdisciplinary activity is significant for the high-ranked sample, though the b coefficient is relatively small (0.053).
Post-specification tests
We run a series of post-specification tests to assess the fit of the various models. The results from post estimation analyses indicate that multicollinearity does not pose an issue (Variance Inflation Factor Notes: Logistic regression results; average marginal effects presented; Standard errors in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1. Statistically significant results are bolded. Outcome: binary indicator if any awards received comparing effects for programs with only honorable mentions to programs with at least one award. All standardized covariates are normalized by academic division. Due to perfect prediction, certain narrow fields were omitted from the estimations: For the full sample (1) Computer Science, Mathematics, Nutrition, and Statistics and Probability; for rank 1 programs (2) Computer Science, Nutrition, Statistics and Probability, Entomology, and Forestry and Forest Science; and for ranks 2 and 3 programs (3) Mathematics, Entomology, Communication, Economics, Oceanography and Atmospheric Sciences, Operations Research and Systems Engineering, and Pharmacology and Toxicology.
(VIF) < 10). Moreover, for the binary model in Step 1 (Equation (1)), we also fit the model to a probit distribution. In addition, we run the model as a linear probability model (LPM) with an OLS distribution to assess the consistency and the efficiency of the results. For the OLS model, we clustered the standard errors by academic field. The results are robust across these two additional models to the primary results.
In addition, we test the functional form of the covariates. While we present the standardized values for the set of continuous measures, we also estimated the continuous regressors as: (1) baseline Notes: OLS regression results, clustered standard errors in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1; statistically significant results are bolded; Outcome: standardized ratio of awards to eligible student cohort where the numerator is the average annual award count and the denominator is the average first-year cohort size multiplied by two to account for first-and second-year students' eligibility to apply. All standardized variables are normalized by academic division.
continuous/count measures; (2) location quotients relative to broad academic division base; and (3), binary, tercile, and quartile rankings of the baseline measures by division. For baseline measures, we estimate Step 2 with a count distribution (both using Poisson and Negative Binomial distributions) with the number of awardees as the outcome model. The results are robust across functional forms.
While the baseline measures offer the most direct measure, of critical note, the wide distribution across the continuous measures (e.g. average faculty publications vs. average GRE scores) makes interpretation of the coefficients less meaningful. Importantly, we present the results with the standardized notation not only to allow for comparison across regressors, but also to normalize the interpretation of the marginal effects.
In addition, we also standardize the continuous variables across the full sample by program rank (rather than academic division). Both alternatives produced similar findings to the standardized form by academic division. Moreover, for all models we both excluded and included academic field fixed effects; this reflects the 41 S&E fields from the NRC study.
Although we control for field-level fixed effects, this sample draws upon four broad academic divisions. Hence, we apply additional stratifications and estimate the primary models by academic division, respectively (Engineering, Life Sciences, Math and Physical Sciences, and Social and Behavioral Sciences). Most notably, the results for faculty publication, interdisciplinary faculty, and program size are most robust 17 for each division to the full sample, though the sizes of coefficients slightly vary. Finally, given the variation in funding demands across divisions, we also ran the model removing the Social Sciences divisions from the sample; the results are robust.
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As a final effort, we restrict the sample to programs with any award activity only. Effectively, we estimate the GRFP award concentration on the same set of variables as reported in Steps 1 and 2. We find that faculty publication activity, GRE scores, and public university are no longer significant; however, peer effects are driven by those with academic plans and longer duration of programs increase the GRFP award concentration. For highly ranked programs, the peer effects are robust; in addition, GRE scores are also a positive and significant indicator of increased GRFP award activity. Moreover, high-ranked programs are also moderating the effect of high university rank. Whereas, the lower-ranked programs moderate the negative effects for larger program size. 
Discussion
We rely on competitive R&D funding variation between academic programs with GRFP honorable mention and award-winning students to investigate the importance of graduate program and university level factors on research funding success. Moreover, this study redirects attention from senior scholars to emerging researchers-an often-overlooked population at an earlier point in their professional careers (Lane and Bertuzzi 2011; Callier and Polka 2015; Gould 2015; Woolston 2015) . While we do not definitively identify the treated and control samples given the empirical challenge of effectively controlling for underlying student quality, our findings point to the importance of higher education institutional characteristics, support, and reputation as mediators of emerging researcher funding receipt. Moreover, academic institutional factors-that are external to the proposal-arguably serve as recognizable quality signals to NSF reviewers and offer knowledge spillovers that increase proposal quality.
Of note, the results from Step 1 report consistent positive effects of faculty publications on program award activity. We anticipate that increased faculty research activity may either spillover within the program, thus impacting the graduate student. Or, this research activity may spillover across the larger academic community sending a positive signal regarding reputation of the program and thus influencing the panel's perception of the proposal's potential. Given the nature of the data, we are unable to tease apart the specific mechanisms; however, we suspect that both factor into the funding decision. Distinguishing between these mechanisms across the set of significant outcomes offers a fruitful line for future research.
Additionally, the results indicate that larger program size positively influences whether a program can expect student applicants to receive an award. While this measure directly counts student personnel within a program-and indirectly those eligible to apply for a GRFP-program size also serves as a useful proxy for the scale of resources and human capital potential within the program. Thus, we interpret this as evidence that programs with greater resources positively influence student grant receipt. Corroborating this finding, we find that being a program in a public university is associated with a decrease in the probability of award receipt. US public institutions, in contrast to private research universities, on average tend to have less access to resources, which impacts research productivity (Aghion et al. 2010 ) and follow on funding (Lanahan et al. 2016) .
In
Step 2, we adjust the outcome variable to examine the effect of the set of regressors on award concentration. The set of robust results closely mirror our findings from Step 1. However, by adjusting the outcome variable from binary to a continuous measure, we find that program size decreases the concentration of awards. This finding is not altogether surprising considering that our outcome variable is a fraction representing the number of awards (numerator) per eligible cohort (denominator) in a given program. As a program increases in size, the denominator is likely to increase at a greater rate than the numerator due to the highly competitive nature of the GRFP.
Still, it is noteworthy that the full sample effect is moderated by lower-ranked programs. Thus in contrast to the smallest sized programs (Q1), larger, lower-ranked programs are more likely to experience a lower share of award winners out of eligible students. If we continue to view program size as an indication of available research resources, this implies that larger, lower-quality programs may face coordination costs that are detrimental to the rate of graduate student success. While larger programs increase the likelihood of having any awards, the larger, lower-ranked programs appear to exhibit greater inefficiencies in scaling the activity. These findings open a line of future research to examine the underlying mechanisms that account for this scaling cost.
Taken together, we have evidence that a series of leadership, peer, programmatic, and university characteristics are associated with grant funding success for emerging researchers. The significant results indicate there are institutional factors that mediate an applicant's chance at receiving an award given a baseline of quality. As graduate students embark on a career in research, the academic setting plays a pivotal role not only in shaping their training, but also in providing access to resources to launch their own research agendas.
Graduate students and graduate programs alike may benefit in considering the implications of these results. Prospective students would do well to consider programs with the most available resources in terms of human capital, support services, and financial support. Graduate programs may better support graduate students by supporting faculty publication efforts and hiring more interdisciplinary faculty. These efforts may boost the reputation of the program and bolster the student-proposal's 'broader impacts' statement. 20 Further, this study suggests that lower-ranked, larger departments may find it valuable to scale their program down and improve resources for fewer students.
Public policy implications
The findings of this study also have potential implications for NSF and its administration of the GRFP program. Made aware of what university and programmatic level factors are associated with award receipt, NSF may consider whether these factors play a role by directly bolstering proposal content (e.g. clear, thorough explication of the research agenda) and/or by playing upon implicit biases of review panel members. Reviewers may favor applicants that are advised by highly productive faculty or enrolled in well-financed private institutions over otherwise equally qualified applicants from less-regarded programs. This bias may be cause for concern, but may also be seen as a rationale heuristic given the abbreviated nature of the proposal itself and the nascent research experience of student PIs. Reputable departments with greater human and physical capital resources at their disposal may be more likely to ensure the research project is executed effectively. Still, given the scale and scope of the GRFP, it is important to consider whether this external grant serves as a substitute or complement for internal funding. Given the constraints that many programs-especially within public institutions-face, the GRFP can serve as a pivotal funding source. If private institutions remain the disproportionate beneficiaries of GRFP funding, the gap in the ability of private and public institutions to support researchers is likely to widen (Aghion et al. 2010; Whalley and Hicks 2014) .
The issue of disparities between groups also arises if NSF were to consider how current award conferment patterns fit within its larger GRFP mission. Reaffirming its commitment to diversifying the STEM (science, technology, engineering, and mathematics) workforce, the GRFP program has amended its eligibility policy with the explicit aim of identifying and encouraging a more diverse set of applicants to apply. 21 Targeted groups include women, underrepresented minorities, disabled persons, and veterans. To the extent that these students disproportionately place in public institutions, in middle-to-low ranking programs, and/or in programs with constrained student resources, current award activity evidence suggests these students may still face obstacles in securing a GRFP.
Future considerations
As with any research project, there are limitations. It should be noted that we are looking at a limited timeframe due to the collection period of the NRC data. Additionally, we do not know definitively at which point in their graduate training they received the GRFP recognition. More detailed data on the background of the applicant and access to the GRFP applicant data would allow for additional research on how the graduate program characteristics motivate students to apply for external research funding. While NSF data on the full applicant pool are restricted, future research could conduct follow-up surveys of faculty and emerging researchers to illuminate the underlying mechanisms that account for the reported variation.
Further, analysis at a more granular level could advance the discussion. At the applicant level, one could also assess receipt of the GRFP award on other outcomes such as research productivity as measured by publication activity and professional placement. If award winners, compared with honorable mentions experience more substantial professional gains as a result of this early stage funding, disparities between graduate programs at the award decision stage may persist, or even amplify. Future research should investigate the degree to which this prestige impacts the student's professional trajectory.
The student's continued success remains a salient line of research with important educational and economic implications. Certain academic environments promote a culture that values success in obtaining these grants as they recognize the value of external funding to the student's own financial stability, to the support of their lab, and for the prestige to their program. These graduate programs are providing a supportive environment to students that allow them to capitalize on their individual research ideas.
Anecdotal evidence suggests that the positive effects of GRFP receipt are felt strongest for winners located within laboratory environments, which are better accustomed to collaborative research projects, or in academic fields where mentorship is more prevalent. Put another way, the student may be at a research disadvantage if the external funding distances their access to mentorship during the graduate training. This may be more prominent in certain fields. For example, an economics GRFP winner may become 'siloed' within the program, which would isolate them away from faculty or other students and collaborative research opportunities. Contrary to the aims of the program, this could reduce the student's research output. Though this article does not address the impacts of GRFP receipt, these potential implications are important to consider. Further assessment is necessary to examine how the award affects the future success of both the emerging researchers and their programs.
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23 At the time of building this dataset, data on awardees was available from 1952 to 2014, and data on honorable mentions were available from 1994 to 2014. We built a database based on availability of data for the population of awardees and honorable mentions, therefore delimiting the timeframe from 1994 to 2014. This includes 58,218 unique observations. 24 While this timeframe exceeds the four-year period used in this analysis, we built the database based on the full sample of data and then restricted the sample from 2005 to 2008 ex post for the empirical analysis.
The NRC research doctorate study reports program-level data for 5,004 program at 212 universities. The survey reports program-level statistics for activity between 2000 and 2006; the results from the survey were made publicly available in 2010. The NRC study provides a representative database of doctoral-research programs (Ostriker et al. 2011) , which is revered as the most comprehensive data source on US graduate programs. NRC programs with any GRFP activity define the sample graduate programs examined for this analysis. The academic program is the level of analysis for this article, indexed by i for the academic field and n for the university. The 41 fields in the full sample comprise four broad academic divisions. Although this dataset presents comprehensive granular data on academic organization, it is important to note that the NRC fields are composed of corresponding subfields that more directly correspond with an academic department.
25 Table A .2 details the crosswalk by academic division and field. To merge the two datasets, we first needed to create a unique university-field crosswalk. We referred to the NCES IPEDS 26 and the NRC taxonomy of academic fields and subfields 27 to assign a unique institutional identification and program identification, respectively. We used these two identifications to uniquely define the universityfield in each dataset before merging the two datasets together. Below, we outline the three main steps to build this dataset. First, we identified the university IPEDS ID (Step 1) and academic field (Step 2) for the observations in each dataset respectively. For the former, we specify the parameters for identifying the graduate institution for the GRFP database as well. Then, we merged the two datasets on the unique numeric university-field crosswalk (Step 3). We coded and documented the entire match procedure in STATA.
Step 1: Assign University IPEDS ID
GRFP Data
Before assigning an IPEDS ID to the university, we relied on information from the fields 'Current Institution' and 'Proposed Graduate Institution' to define the university for the GRFP data. For the primary analysis, we included only those observations where the applicant's Proposed Graduate Institution matched the Current Institution. With an emphasis on examining the effect of graduate programs on emerging researcher activity, we are interested in identifying the subset of individuals who applied for the GRFP program while enrolled in his/her graduate program. To reiterate, emerging researchers are eligible to apply for the GRFP prior to completing twelve academic months of graduate study. Thus, individuals completing their undergraduate degrees or master's degree en route to applying to a PhD program are eligible. In these cases, the Current Institution and Proposed Graduate Institution may not match given that they may apply for the GRFP while they simultaneously apply to a graduate program at another institution. By limiting the population to those whose Proposed Graduate Institution match the Current Institution, we assume to identify those currently in a graduate program or at least exposed to the graduate program.
As additional sensitivity checks, we also identified the university based on the Current Institution and Proposed Graduate Institution, respectively. In these two cases, we assume that the Current Institution or the Proposed Graduate Institution is the individual's graduate institution. We recognize that these are weaker assumptions for two reasons: (1) the Current Institution may reflect the individual's undergraduate or master's institution-which may be different from his/her PhD institution; or (2) the individual may not end up enrolling at the listed Proposed Graduate Institution. The results were generally robust to the main models. 28 This suggests that GRFP honorable mentions and awardees are typically acknowledged once enrolled their graduate program. For the primary analysis we report where the Current Institution matches the Proposed Graduate Institution as it more accurately captures the population of GRFP applicants enrolled in and exposed to the graduate program when they receive GRFP recognition.
To match the IPEDS ID with the GRFP university string variable, we wrote a code to define the unique core sequence of strings for each institution. Articles were dropped and common terms were recoded. 29 This exercise defined 895 unique universities. 30 We employed the same method for cleaning the population of universities listed in the IPEDS database. As a result, we defined 15,679 unique academic organizations in the IPEDS database. We merged the datasets based on the unique university string variable. Approximately 72 percent GRFP observations were directly matched. For the remaining observations, we hand-matched 8,258 observations (27 percent) based on common sequences of strings. Among those that we were unable to assign an IPEDS ID 270 observations were foreign institutions 31 and 45 observations listed institutions with no IPEDS id. In sum, we matched IPEDS ID for 97.9 percent of the total GRFP sample.
NRC Data
We employed the same coding technique as noted above in terms of cleaning up the string variable to match universities in the NRC sample to IPEDS. For the first automated round of matching we directly matched 3,918 observations (78.3% of the sample). We hand-matched an additional 985 observations (19.7%), which yielded a 98.0% match rate. It is worth noting that 31 of the NRC programs were affiliated with more than one university. 32 We dropped these from the sample given their unique multi-university affiliation.
Step 2: Assign Field ID
We based the field ID classification directly on the NRC program listing, as specified by the broad field and narrow field classifications, 33 corresponding to division and field, respectively, in the article. This original dataset includes sixty-two narrow fields 34 from five broad fields. 35 Given the S&E scope of the NSF GRFP program, we removed fourteen fields from the NRC dataset that comprise the Arts and Humanities broad field, 36 and two fields with a healthrelated focus. 37 This yielded a total of forty-six S&E fields.
GRFP Data
To match the GRFP graduate program with the list of forty-six NRC fields, we defined a unique sequence of common strings based on the NRC's taxonomy of fields and their subfields. 38 For example, for the NRC field 'aerospace engineering' we identified a combination of the following strings as a common match: 'aeronautical vehicles', 'space vehicles', 'systems engineering and multidisciplinary design optimization', 'aerodynamics and fluid mechanics', 'astrodynamics', 'structures and materials', 'propulsion and power', 'navigation, guidance, control and dynamics', and 'multi-vehicle systems and air traffic control', As another example, for the NRC field 'genetics and genomics' we identified a combination of the following strings as a common match: 'computational biology', 'genetics', 'genomics', and 'molecular genetics'. As a result of this string-based approach, we matched NRC fields to GRFP graduate programs for 57,598 observations yielding a 98.9% match rate.
39
Step 3: Creating a university-field crosswalk
To merge the GRFP and NRC data, we created a university-field numeric identification based on the publicly available NCES IPEDS 40 and NRC S&E fields. 41 We then collapsed the GRFP data to the program level to compute annual aggregate counts of awardees and honorable mentions. In preparation for the merge, we dropped all observations without both a university and field for each dataset respectively. This resulted in 3,951 programs.
When merging the GRFP data to the NRC data, 49.2% of the NRC sample had some NSF GRFP activity over four-year timeframe, 2005-8 leaving 50.8% with no NSF GRFP activity. 42 As a side note, roughly 44% of the GRFP sample did not match to the NRC sample. We attribute this nonmatch based on the restrictions of the sample for the NRC dataset. Notably among those that did not match, they represent a large distribution of universities (310) Notes: Means and (standard deviations) or proportions presented; ***P < 0.01, **P < 0.05, *P < 0.1; See Table A .3 for details on variable composition and timing; threshold for stratification: program only receives honorable mentions versus program receives at least one award. Binary variable equal to 1 if the university is a public institution rather than privately controlled. University rank Categorical variable of the Barron's university rankings grouped into three tiers of: most and highly competitive, very competitive, or competitive and less competitive.
Notes: All variable definitions and descriptions are based off information published in the NRC's Data-Based Assessment of Research-Doctorate Programs in the US database and Methodology Guide, released in 2010-11. 'Allocated' faculty are those who supervise dissertations across multiple programs. Their position assignment (¼1) is therefore split proportionally across the programs they are affiliated with so that the sum of their allocated positions was equal to 1 to any faculty member supervising dissertation. 'Core' faculty are those whose primary appointment is in the doctoral program while 'new' faculty are those with tenure track appointments who were appointed in 2003-6. Notes: Logistic regression results; average marginal effects presented; standard errors in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1; all standardized covariates are normalized by academic division.
Outcomes: (1) Binary indicator in any awards received (primary model from Table 3 , Column 1).
(2) Binary indicator if at least two awards received compared to zero or one.
(3) Binary indicator if at least two awards received compared to zero. Of total sample, 390 observations with zero awards, 300 with one award, 343 with at least two awards. Due to perfect prediction, certain narrow fields were omitted from the estimations: For (1) computer science, mathematics, nutrition, and statistics and probability. For (2) and (3): applied mathematics, communication, computer sciences, entomology, forestry, mathematics, nutrition, physics, physiology, statistics and probability. Notes: Logistic regression results; average marginal effects presented; standard errors in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1; all standardized covariates are normalized by academic division. Due to perfect prediction, certain narrow fields were omitted from the estimations: For (1) and (2) computer science, mathematics, nutrition, and statistics and probability.
